The in ves ti ga tion on bio mass ma te ri als has been a fas ci nat ing topic of re search mainly be cause it has great po ten tial to pro duce biofuels. To day, the fos sil fu els pro vide about 80% of global en ergy re quire ment which is es ti mated to grow by 37% by 2024 ac cord ing to In ter national En ergy Re port 2014 [1]. Con stantly over-ex ploi ta tion of ex ist ing pe tro leum fuel resources to match cur rent en ergy de mand has re sulted that these en ergy sources ex hausted rapidly [2, 3] . Mean while, the prices of crude oil are con tin u ing to rise along with con tin u ous emis sions of GHG by their burn ing up, which caused var i ous ad verse in flu ences on hu man health as well as Earth's ecol ogy [4, 5] . Con se quently, it is cru cial to ex pose new al ter na tive energy sources which should be sus tain able, in ex haust ible, ef fi cient, en vi ron men tal friendly and eco nom i cally ap pli ca ble [6, 7] . Among lots of sub sti tute en ergy sources, biofuel spe cially bioethanol have ob tained greater con sid er ation all over the world be cause the biofuel are acknowl edged the most re new able and en vi ron ment-friendly en ergy source [8] .
In tro duc tion
The in ves ti ga tion on bio mass ma te ri als has been a fas ci nat ing topic of re search mainly be cause it has great po ten tial to pro duce biofuels. To day, the fos sil fu els pro vide about 80% of global en ergy re quire ment which is es ti mated to grow by 37% by 2024 ac cord ing to In ter national En ergy Re port 2014 [1] . Con stantly over-ex ploi ta tion of ex ist ing pe tro leum fuel resources to match cur rent en ergy de mand has re sulted that these en ergy sources ex hausted rapidly [2, 3] . Mean while, the prices of crude oil are con tin u ing to rise along with con tin u ous emis sions of GHG by their burn ing up, which caused var i ous ad verse in flu ences on hu man health as well as Earth's ecol ogy [4, 5] . Con se quently, it is cru cial to ex pose new al ter na tive energy sources which should be sus tain able, in ex haust ible, ef fi cient, en vi ron men tal friendly and eco nom i cally ap pli ca ble [6, 7] . Among lots of sub sti tute en ergy sources, biofuel spe cially bioethanol have ob tained greater con sid er ation all over the world be cause the biofuel are acknowl edged the most re new able and en vi ron ment-friendly en ergy source [8] .
At the pres ent, one of the most im por tant biofuels is bioethanol, a sus tain able prod uct ob tained from en ergy crops and lignocellulosic ma te rial. In this sense the seed meal of Ca mel lia Oleifera has been re searched as an use ful bio mass to pro duce biofuels [1] . There are about 5 million hect ares of Ca mel lia Oleifera for ests in China. About 202 mil lion tons of ma ture Ca mel lia seed, 40 mil lion tons of Ca mel lia oil, and 162 mil lion tons of Ca mel lia seed meal can be pro duced ev ery year [9] . Up to now, China has be come the larg est coun try pro duc ing Ca mel lia seed in the world [10] . Ca mel lia seed meal is a by-prod uct of Ca mel lia oil in dus try, which con tains polymersaccharide and lignocellulosic ma te rial that are suit able source for the obtention of sug ars. The polymersaccharide of Ca mel lia seed meal is mainly made up of var i ous monosaccharide, such as xylose, glu cose, mannan, galactose and so on. Af ter the phys i cal, chem i cal, or bi o log i cal pre-treat ments for Ca mel lia seed meal to re lease fer ment able sug ars, this ma te rial can be fermented to pro duce eth a nol [1] .
The fer men ta tion of bio mass is a key step in the yield of eth a nol. In this study, Ca mellia seed meal was take as raw ma te rial, and af ter se ri ous pre-treat ment, such as acid pre-treatment, bac te rial pre-treat ment, and en zyme pre-treat ment, fol lowed by re mov ing in hib i tor, Camel lia seed meal could be de graded into re duc ing sugar. The pres ent manu script fo cused on the op ti mi za tion of fer men ta tion con di tions to im prove the yield of eth a nol [1] . There fore, the ef fect of the ex trac tion fac tors were ex am ined by a sin gle-fac tor test and a re sponse sur face meth od ology, in or der to achieve op ti mal fer men ta tion con di tions of re duc ing sug ars from the seed meal of Ca mel lia Oleifera [10] .
Ex per i men tal

Materials and re agents
Ca mel lia seed meals were col lected from Qinglong tech nol ogy com pany (Yichun, China) and af ter oven-dry ing at 40 °C for 24 hours, the dry meals were milled into pow der by a pulveriser (XB-02, Guohua Ma chin ery Co., Shang hai China) and passed through a 20-mesh sieve. The meal pow der was ex acted to re move the oil by pe tro leum ether and the re sult ing deoiled meal pow der was oven-dried again for 24 hours at 40 °C, then stored in the re frig er a tor at -20 °C un til re quired.
Cal cium chlo ride, mag ne sium chlo ride, am mo nium chlo ride, eth a nol stan dard, glu cose stan dard, cel lu lose hav ing mul ti ple en zyme ac tiv i ties were pur chased from Sigma Chem i cal Co., (Sent Louis, Mo., USA). Con cen trated sul fu ric acid, an a lyt i cal grade phe nol were purchased from Tianjin Sun shine Co., (Tianjin, China). Yeast (Saccharomyces cerevisiae) was pur chased form Anqi Yeast Lim ited Co., (Hubei, China). Phanerochaete chrysosporium was pur chased from Guangzhou Cul ture Col lect Cen ter (Guangzhou, China). All other chem i cals were an a lyt i cal grade and pur chased from Nanchang Xinyuan Chem i cal Re agent Co., (Nanchang, China). Dis tilled wa ter was used to pre pare the var i ous so lu tions.
Ex per i ment pro cess
As shown in fig. 1 , the pow der of deoiled Ca mel lia seed meal was firstly pre-treated with the sul fu ric acid so lu tion, fol lowed by the bac te rial pre-treat ment us ing Phanerochaete chrysosporium, and then were ster il ized and added with cel lu lose to make an en zyme pre-treatment. Af ter those three pre-treat ments, the in hib i tor for the fol low ing fer men ta tion was re moved and then all the fil trate and res i due were col lected for the fi nal eth a nol fer men ta tion with yeast (Saccharomyces cerevisiae).
Anal y sis of re duc ing sug ars and eth a nol
The amount of the re duc ing sug ars was de ter mined us ing 3.5-dinitrosalicylic acid (DNS) re agent by the Ghose method (1987) . The amount of eth a nol was quan ti fied with GC-MS (GCMS-QP2010 of Shimadzu) us ing a DB-5 cap il lary col umn on pre vi ously de scribed method [11] .
Es tab lish of stan dard curve
Dif fer ent vol umes (0, 0.25, 0.5, 1.0, 1.25, 1.5, 2.0, 2.25, 2.5 mL) of the stock stan dard so lu tions of glu cose were trans ferred into a test tube with a stop per and di luted with wa ter to a me tered vol ume (15.0 mL), re spec tively. Af ter colorimetric re ac tion of glu cose absorbance of pre pared so lu tion at the max i mum ab sorp tion wave length was mea sured by UV spectrophotometer. The lin ear re la tion ship of absorbance and glu cose con tent could be then obtained by re gres sion anal y sis:
where Y is the absorbance of pre pared so lu tion at 540 nm and X [%] -the mass con cen tra tion of glu cose. The cor re la tion co ef fi cient, R2, is 0.9977.
Ex per i men tal de sign
At first, a se ri ous of sin gle-fac tor ex per i ments, such as ra tio of cal cium to mag ne sium ion(cal cium chlo ride/mag ne sium chlo ride, w/w), am mo nium chlo ride ad di tion ra tio, and yeast ad di tion ra tio were car ried out to eval u ate the ef fects of these fac tors on the yield of eth a nol and all the ra tios pre vi ously men tioned were based on the dry weight of ca mel lia seed meal. Then, a three-level, three-fac tor Box-Behnken de sign (re sponse sur face meth od ol ogy) was em ployed for op ti miz ing the pro cess. The yield of eth a nol was used as the in di ces in eval u at ing the re sults of fer men ta tion. The in de pend ent fac tors and lev els of ex per i men tal de sign with ob served values for the re sponse are given in tabs. 1 and 2. The fac tors and lev els of eth a nol fer men ta tion con di tions were de ter mined on the ba sis of sin gle-fac tor ex per i ments, such as ra tio of cal cium to mag ne sium ion, am mo nium chlo ride ad di tion ra tio, and yeast ad di tion ra tio [12] . Cal cu la tion for mula of eth a nol yield was:
Ethanol yield
Actual content of ethanol (Total content of = reducing sugar residue content of reducing sugar) 0.511 -Ŕ e sults and dis cus sion
Sin gle-fac tor ex per i ments
Ef fect of the ra tio of cal cium to mag ne sium ion on eth a nol fer men ta tion. The in flu ence of the ra tio of cal cium to mag ne sium ion on eth a nol fer men ta tion was car ried out at am mo nium chlo ride ad di tion ra tio 0.75%, yeast ad di tion ra tio 0.40%, fer men ta tion pH 5.0. The re sults were shown in fig. 2(a) . The eth a nol yield went up from 76.12 % to 92.87% with the ra tio of cal cium to mag ne sium ion in creas ing from 1:10 to 1:1, re spec tively. How ever, when liq uid-solid ra tio was more than 1:1, the eth a nol yield de creased grad u ally. The ra tio of cal cium to mag ne sium ion played an im por tant role in the me tab o lism of liv ing cells. There fore, the ap pro pri ate ra tio of cal cium to mag ne sium ion was around 1:1.
Ef fect of am mo nium chlo ride ad di tion ra tio on eth a nol fer men ta tion. Fig ure 2 (b) showed the in flu ence of am mo nium chlo ride ad di tion ra tio on eth a nol fer men ta tion, car ried out un der sim i lar con di tions with the ra tio of cal cium to mag ne sium ion 2:1, yeast ad di tion ra tio 0.40%, fer men ta tion pH 5.0. The source of ni tro gen el e ment played an im por tant role in yeast fer men ta tion, which could im prove the fer men ta tion pro cess. From fig. 2 , it would been seen that the yield of eth a nol kept in creas ing sharply with the am mo nium chlo ride ad di tion ra tio increas ing from 0.25% to 0.75%. But when the range of am mo nium chlo ride ad di tion ra tio was from 0.75% to 1.25%, the in creas ing of eth a nol be came very slow. There fore, con sid er ing the pro duc ing cost and eth a nol yield, the ap pro pri ate ra tio of am mo nium chlo ride should be around 0.75%.
Ef fect of yeast ad di tion ra tio on eth a nol fer men ta tion.
The ef fect of yeast ad di tion ra tio on eth a nol fer men ta tion was shown in fig. 2(c) . The con di tions, un der which the ex per i ments were car ried out, were: the ra tio of cal cium to mag ne sium ion 2:1, am mo nium chlo ride ad di tion ra tio 0.75%, fer men ta tion pH 5.0. The ad di tion ra tio of yeast was a key step in the pro cess of etha nol fer men ta tion. When the ad di tion ra tio of yeast was too small, ef fi ciency of eth a nol fer menta tion would not be enough. But if the ad di tion was too large, the nu tri ents would be come lack to pre vent fer men ta tion. It was ob vi ous that the most op ti mal yeast ad di tion ra tio was about 0.4%.
Anal y sis of re sponse sur face
Re sponse sur face meth od ol ogy used in this study is an ef fi cient sta tis ti cal tech nique for mod ell ing and op ti mi za tion of mul ti ple vari ables to pre dict the best con di tions with a min i mum num ber of ex per i ments [10] .
The lev els of eth a nol yield with fer men ta tion of re duc ing sugar in Ca mel lia (Ca mel lia Oleifera) seed meal from the sev en teen sets of vari able com bi na tions showed in tab. 2 were fit into a qua dratic re gres sion equa tion by us ing the soft ware De sign-Ex pert 8.0. The es ti mated values of con stant co ef fi cients and anal y sis of vari ance were shown in tab. 3, and the re gres sion model for eth a nol yield, Y, was pre dicted as fol lows [13] . In the re gres sion equa tion, the neg ative qua dratic co ef fi cient in di cated that the par a bolic open ing of the equa tion was down ward, had a max i mum point and could be op ti mally analysed. 
where A is the ra tio of cal cium to mag ne sium ion, B -the am mo nium chlo ride ad di tion ra tio, and C -the yeast ad di tion ra tio. 
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Figure 2. Effect of various factors on ethanol yield; (a) effect of the ratio of calcium to magnesium ion, (b) effect of ammonium chloride addition ratio, and (c) effect of yeast addition ratio
The P-val ues de ter mine the sig nif i cant of each co ef ficient. A higher sig nif i cant of the cor re spond ing co ef ficient is in di cated by a lower P-value, a lower sig nif i cant of the cor re spond ing co ef fi cient is in di cated by a higher P-value [14] . It could be no ticed from tab. 3 that the P-values of model, A and B items were less than 0.001, which meant that the pre dicted model and the items of A and B were ex tremely sig nif i cant. Mean while, the P-value of C item was less than 0.01 in di cat ing this item was very signif i cant. Fur ther more, the P-value of lack of it was 0.1394 (>0.05, not sig nif i cant), which meant this model had a good fit with the ex per i ments and the ex per i ment er rors were lit tle. From tab. 4, anal y sis of model re li abil ity showed that cor re la tion co ef fi cient, R2, was 0.9859; adjust ment co ef fi cient, R2Adj, was 0.9678, which meant only less than 4% of eth a nol yield re sults did not match the model, and co ef fi cient of vari a tion was only 1.23%, in di cat ing good reproducibility. Over all, the model could be used to op ti mize the eth a nol fer men ta tion pro cess ing of re duc ing sugar from Ca mel lia seed meal [15] .
The re sponse sur face is formed by the two-fac tor in ter ac tion among the vari ables. When the slope of the re sponse sur face is steeper, the greater the ef fect of the pro cess ing con dition on the re sponse value. In con trast, when the slope of the re sponse sur face is smoother, it indi cates that the ef fect of the pro cess ing con di tion on the re sponse value is smaller [16] . Meanwhile, the con tour line is el lip ti cal, in di cat ing that the in ter ac tion of the vari ables is sig nif i cant. In con trast, the con tour line is round, which means that the in ter ac tion of the variables is not significant. The in ter ac tion ef fect of each vari able was analysed by qua dratic model, and the response sur face and con tour line were ob tained. As shown in fig. 3 , the in flu ence of each fac tor and its in ter ac tion value on the re sponse value could be vi su ally seen. Fig ures 3(a) and 3(b) described the in ter ac tion ef fect be tween the ra tio of cal cium to mag ne sium ion and am mo nium chlo ride ad di tion ra tio on eth a nol yield, with an other one vari able un changed (0.4% yeast ad dition ra tio). As the ra tio of cal cium to mag ne sium ion (hold ing am mo nium chlo ride ad di tion ra tio con stant) or am mo nium chlo ride ad di tion ra tio (hold ing the ra tio of cal cium to mag ne sium ion con stant) in creased, the trend of eth a nol yield firstly went up then de creased. Sim i larly, figs. 3(c) and 3(d) and figs. 3(e) and 3(f) showed the in ter ac tion ef fect be tween the ra tio of cal cium to mag ne sium ion and yeast ad di tion ra tio, and be tween am mo nium chlo ride ad di tion ra tio and yeast ad di tion ra tio on eth a nol yield, re spec tively. Ac cord ing to the sig nif i cant dif fer ences in the vari ables, the sharp ness of the re sponse sur face and the shape of the con tour line, it can be found that the or der of im pacts of dif fer ent vari ables on eth a nol yield was A (the ra tio of cal cium to mag ne sium ion) >B (am mo nium chlo ride ad di tion ra tio ) >C (yeast ad di tion ra tio), the ef fect of lin ear and qua dratic term of A, B, and C on eth a nol yield were ex tremely sig nif i cant (***) and the in flu ence of the in ter ac tion ef fects be tween A and B, and be tween B and C were sig nif i cant (*) which il lus trated the re la tion ship be tween vari ables and the re sult of eth a nol yield was not sim ply the lin ear re la tion ship, but pre sented in ter ac tive func tion, and sug gested that they were sig nif i cant for the op ti mi za tion of eth a nol fer men ta tion from the re duc ing sugar in the Ca mel lia seed meal [17] .
Based on the model, the op ti mum fer men ta tion con di tions for re duc ing sugar to ob tain eth a nol were de ter mined by re gres sion anal y sis. The max i mum pre dicted yield of eth a nol of 95.97% was ob tained un der the op ti mum fer men ta tion con di tions of 1.17:1, 0.68%, and 0.38% for the ra tio of cal cium to mag ne sium ion, am mo nium chlo ride ad di tion ra tio and yeast ad di tion ra tio, re spec tively. In or der to ver ify the re li abil ity of the pre dicted qua dratic model, three par allel rep li ca tion ex per i ments were car ried out un der the sim i lar fer men ta tion con di tions aforemen tioned of the ra tio of cal cium to mag ne sium ion 1:1, am mo nium chlo ride ad di tion ra tio 0.70% and yeast ad di tion ra tio 0.40%. The av er age of the re sults of eth a nol yield was 95.4%, and co ef fi cient of vari a tion was 0.59%, which was not sig nif i cantly dif fer ent from the pre dicted value. These re sults in di cated that the qua dratic model was re li able and re sponse sur face method ol ogy could be used to op ti mize the fer men ta tion con di tions of eth a nol yield.
Con clu sion
The con di tions of fer men ta tion with re duc ing sugar from Ca mel lia seed meal were opti mized us ing re sponse sur face meth od ol ogy. This method could ef fec tively pre dict the op timum pro cess con di tions and the fi nal yield of eth a nol. At first, fer men ta tion con di tions for eth anol with re duc ing sugar from Ca mel lia seed meal were analysed and suc cess fully op ti mized by sin gle-fac tor ex per i ments and re sponse sur face meth od ol ogy, re spec tively. The ef fect of the ratio of cal cium to mag ne sium ion, am mo nium chlo ride ad di tion ra tio, and yeast ad di tion ra tio on eth a nol yield were sig nif i cant. The or der of im pacts of dif fer ent vari ables was the ra tio of calcium to mag ne sium ion > am mo nium chlo ride ad di tion ra tio > yeast ad di tion ra tio. Op ti mized fer men ta tion con di tions were: cal cium and mag ne sium ion 1:1, am mo nium chlo ride ad di tion ra tio 0.70%, and yeast ad di tion ra tio 0.40%. Un der the op ti mum con di tions, the op ti mal eth a nol yield was 95.4%.
Ac knowl edg ment
The 
